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第 2 章 开展了牛奶饮品和奶粉中有机磷农药的 GC-NCI/MS 分析方法研究。通过样
品前处理各条件优选，初步建立了乙腈超声提取-中性氧化铝和 Florisil 硅藻
土双净化剂净化-乙酸乙酯/正己烷混合洗脱液洗脱的样品前处理方法；采用
GC-NC/MS 的选择离子监测(SIM) 分析了牛奶中的 19 种有机磷农药残留，
并考察了线性范围、检测限、加标回收率和相对标准偏差等分析方法指标。 



















轰击离子源(EI)和化学电离源(CI)；开发了同一分析程序中同时采用 EI 或 CI
的 GC-CI(EI)-MS/MS 的分析方法，大大地提高了目标物的灵敏度。此外，本
章还开展了有机氯和拟除虫菊酯类农药的 GC-CI(EI)-MS/MS 分析方法研究。
在短时间内，利用 Saturn 2100T GC-MS/MS 系统提供的多反应监测(MRM)
方式开设多通道同时分析了 30 多种不同种类的多农药残留。 
第 4 章 以牛奶样品为研究对象，改进了传统的基质固相分散法(MSPD)的样品前处理
方法。探讨了 MSPD 各种实验条件对分析结果的影响，并将此前处理方法与






















The quality and safety of food is crucial to human’s life.However, the presence of 
pesticide residue in food has become one of the serious problems that has greatly 
attracted government and organization’s concerns. As the maximum residue levels of 
pesticides adopted by the legislation in the world become more and more strict, it is 
very important to develop simple, fast and efficient analytical methods. 
This dissertation focused on the studies of analytical methods on pesticide residue 
of organochlorine, organophosphorous and pyrethroid. After optimizing the analytical 
conditions of gas chromatography mass spectrometry (GC-MS) and gas 
chromatography tandem mass spectrometry (GC-MS/MS), the method for the residue 
determination of pesticides in food has been established. The dissertation consisted of 
four chapters. 
In the first chapter, the development history and toxicology theory of 
organochlorine, organophosphorus, carbarmate and pyrethroid pesticides were simply 
introduced. Current progress of multiclass pesticide residue analysis in food was 
summarized with emphasis on various detection methods for pesticide residue. Finally, 
the idea and plan of this dissertation as well as the aim and content of the research work 
was also dissussed. 
In the second chapter, GC-NCI/MS was applied to the simultaneous determination 
of 19 organophosphorus pesticides in milk and milk power. After optimazing the 
pretreatment conditions, pesticides were extracted from milk drink or milk powder with 
acetonitrile in an ultrasonic bath and cleaned up on a Florisil and neutral alumina 















ionization mass spectrometric detection in the selected ion monitoring mode. Besides, 
the recoveries, limit of detection, accuary, precision and linear range of the method 
were investigated in detail to pledge the quality. 
In the third chapter, method of GC-MS/MS was studied. Take 13 
organophosphorus pesticides for example, several parameters for MS/MS such as 
ionization mode, scan time, parent ion, excitation storage level, CID voltage, 
quantitation ions, trap temperature and so on were optimized. Electron impact 
ionization (EI) and chemical ionization (CI) were employed in a single analysis for the 
determination of pesticides according to the differernt sensitivity of each pesticide. 
Besides, method of GC-MS/MS for organochlorine and pyrethroid pesticide residue 
was also optimized. Multi-reaction monitor provided by Saturn 2100T GC-MS/MS 
system were applied to supply several channels to separate compounds in shorter time. 
In chapter four, take milk for matrix, traditional matrix solid phase dispersion 
(MSPD) was improved. After the effect to the analysis results of several parameters 
were studied, the optimized pretreatment method along with GC-CI(EI)-MS/MS were 
applied to the analysis of 13 organophosphorus pesticides in milk. Besides, the 
recoveries, limit of detection, accuary, precision，selectivity and linear range of the 
method were investigated in detail to pledge the quality of the method of GC-CI 
(EI)-MS/MS. 
 
Key Words: Food; Milk; Multiclass pesticide residue; Organochlorine; Organophosphrous; 
Pyrethroid; Gas chromatography-negative chemical ionization-mass 
spectrometry; Solid phase extraction; Gas chromatography tandem mass 
spectrometry; Electron ionization; Chemical ionization; Ultrasonic extraction; 
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内的 15 种新农药；目前，我国已跻身于世界第二大农药生产国。 
伴随着农药的研究与应用的发展过程，人类也逐渐意识到农药的使用给环境和人类
带来的危害。1950 年，动物学家威拉斯. 弗兰克. 林德曼首次指出人工合成的有机化学
农药 DDT 可能具有激素干扰的作用，提出了杀虫剂可能具有激素功能的警告；1968 年
研究学者提出 DDT 能使哺乳类动物和鸟类产生雌性荷尔蒙；1972 年美国环境保护厅决
定：原则上限制 DDT 的使用， DDT 对人类和鱼类等野生生物的生存与健康影响在决
定中被提到一定的高度，随后许多国家相继对有关农药的使用采取了限制措施；20 世纪
90 年代，人类清楚地认识到 DDT 和其它某些化学合成物质具有激素活性；1997 年 12
月，UNEP 计划在 2000 年缔结了防止有机氯农药等有毒物质污染环境的国际条约。 
1998 年出版了《雌化了的自然》，书中列举了一系列农药类环境雌激素(EDC)及其
危害。美国国家环保局（USEPA）在 1998 年 8 月公布了年出版，书中列举了一系列农
药类 EDC 及其危害，公布并筛选出了 44 种农药类 EDC 物质[2]，在引起人们深层次的思
考的同时，在世界范围内引起了高度地重视和广泛地研究。日本 1998 年列出的 EDC 物
质有 68 种，其中农药类有 43 种，1999 年 EDC 名单上升为 75 种，其中化学农药占 63
种[3]。1998 年 9 月联合国环境规划署和粮农组织 60 多国成员签署了“国际贸易中对某
些有机化学品和农药采用事先通知和同意程序（PTC）公约”，EDC 物质 67 种名单中有





















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
